With an aim to identify the structural requirements for selective AT1 angiotensin antagonistic activity, a quantitative structure activity relationship (QSAR) analysis was carried out on a series of 6-substituted benzimidazole derivatives. The QSAR expressions were generated using 28 compounds and the predictive ability of the resulting model was evaluated against a test set of 12 compounds. The internal (cross validated squared correlation coefficient) and external consistency (predictive correlation coefficient) of the QSAR model was 0.78 and 0.40 respectively. In the present work QSAR analysis reveals that geometrical, structural, and shape descriptors govern the angiotensin II AT1 antagonistic activity.
Introduction
The rennin-angiotensin system (RAS) plays a major role in the regulation of blood pressure and electrolyte homeostasis [1] . RAS is a cascade of proteolytic enzymes (renin and angiotensin converting enzyme (ACE)) that result in the production of the systemic hormone angiotensin II (AII).The blockade of RAS with inhibitors of ACE has demonstrated the effectiveness of the reduction of levels of AII on cardiovascular and kidney heamodynamics, aldosterone production and release, and the absorption of sodium. Antagonists of AII constitute an alternative method blocking the RAS. Several peptidic and nonpeptidic AII receptor antagonists are known. The therapeutic availability is less for the peptidic AII antagonist due to their poor bioavailability; short plasma half-life and partial agonist activity but the nonpeptidic AII receptors antagonist lack the defect of peptidic antagonist [2] .The therapeutic profile of AII receptor antagonist is thought to be similar to that of angiotensin converting enzyme (ACE) inhibitors such as captopril, enalapril, and lisinopril. In addition, since AII receptor antagonist does not affect the metabolism of bradykinin so they may not have the side effect of ACE inhibitors, such as dry cough and angiodema. Recently, the QSAR analysis is a highly interested area for designing the compound before synthesis [3] [4] [5] .
To gain insight into the structural and molecular requirement influencing the A II antagonistic activity, herein we depict QSAR analysis of some 6-substituted benzimidazoles derivative for AII antagonistic activity. The relevance of the model used for the design of novel derivatives should be assessed not only in terms of predictivity, either internal or external, but also in terms of their ability to provide a chemical and structural explanation of their binding interaction. These results should provide guidelines for design of more potent and selective AII antagonist.
Experimental
The AII receptor antagonistic activity data of 6-substituted benzimidazole derivatives were taken from the reported work of Uwe Ries et al. [6] (Table 1 ). The biological activity data (IC 50 in 10 −7 M) was converted to negative logarithmic mole dose (pIC 50 ) for quantitative structure activity relationship (QSAR) analysis. The molecular modeling study was performed using CS ChemOffice [7] version 10 and DRAGON [8] program while the regression analysis was carried out with VALSTAT [9] .
The compound Series was divided into training set of 28 compounds and test set of 12 compounds on the basis of structural diversity and with the aim that it should cover the complete range of variation in antagonist activity. The molecular structures of compounds were sketched by using Chem Draw [7] and then ChemUltra [7] used to convert them into 3D structures. The energy minimization of the molecule was done using molecular mechanics (MM2) until the RMS gradient value became smaller than 0.1 kcal/mol Å. The energy minimized molecules were subjected to the re-optimization via Austin model-1 (AM1) Hamiltonian method until the RMS gradient attained a value smaller than 0.0001 kcal/mol Å using MOPAC. The molecule was saved as MOL file format. Pursuly, the MOL file was used for the calculation of various Descriptors using DRAGON program. The data was used in order to establish a correlation between physicochemical parameters as independent variables and pIC 50 as dependent variable employing sequential multiple linear regression analysis method by statistical program VALSTAT. In this regression analysis, the program searches all the permutations and combinations sequentially for the data set. The ± data within the parentheses are the standard deviation, associated with coefficient of descriptors in regression equations. The best model was selected from the various statistically significant equations on the basis of observed squared correlation coefficient (r 
Results and Discussion
In the present study, an attempt has been made to find structural requirement for the antagonistic activity of 6−substituted benzimidazole analogs as AII AT1 receptor using the Hansch approach. The multivariant expressions were developed on the basis of adjustable correlation coefficient (r 2 adj ). This parameter tells us the statistical significance of incorporated physicochemical descriptor in SEQ−MLR. Adjustable r 2 takes into account the adjustment of conventional correlation coefficient (r 2 ). Therefore, if a physicochemical descriptor is added that does not contribute its fair share, the r 2 adj will actually decline. Adjustable correlation coefficient is a measure of the percentage explained variation in the dependent variable that takes into account the relationship between the number of cases and the number of independent variable in the regression model. Whereas r 2 will always increase when an independent variable is added, r 2 adj will decrease if the added variable does reduce the unexplained variation enough to offset the loss of degrees of freedom.
It is necessary that the proposed models should have both the statistical quality as well as good predictive power therefore all the expressions were tested for internal and external validation. Both the validation put forward decision making input for selection of QSAR models. Internal validation was carried out using leave one out (LOO) cross validation method, bootstrapping technique and randomized biological activity test while external validation confirmed with test set data. Tri−variant expressions (Eq. 1 & 2) which fulfill all the validation criteria up to significant echelon were considered as QSAR model−1 and 2 respectively. Both the models have correlation coefficient more than (r=0.900), which accounts for more than 84% of the variance in the activity. The inter−correlation among the parameters used in model no.1 is less than 0.370 ( The model shows, that in a multi−variant model, a dependent variable can be predicted from a linear combination of the independent variables. The P value is less than 0.01 for each physiochemical parameter involved in model generation. The data showed overall internal statistical significance level better than 99.9% as it exceeded from the tabulated F (4,25 α 0.001) = 10.8. Models were further tested for outliers by Z−score method and no compound was found to be an outlier ( Table 2 ) which suggested that the models are able to explain the structurally diverse analogs that is helpful in designing of more potent compounds using physiochemical parameters.
Eq
The Z−value for individual compounds within the specific range (<j2.5 j) indicated absence of outliers.
It is used to label the outliers in the dataset. Only high correlation coefficient is not enough to select the equation as a model and hence various statistical approaches were used to confirm the robustness and practical applicability of the equations. Model 1 & 2 showed that their probability of chance correlation is less than 0.1% in randomized biological activity test. Bootstrapping technique was employed to confirm the contribution of descriptors to the activity. They were equi−intense or of different rank. The value of bootstrapping squared correlation coefficient and bootstrapping standard deviation implies that the equations are proper representative of the group of analogs ( Table 2 ).
The internal consistency of the training set was confirmed by using leave one out (LOO) cross validation method to ensure the robustness of the Model. Models showed good internal consistency (Q 2 = 0.70 & 0.78 see table 2), which reduces the probability of coincidental correlation of the expression (Table 4, Figure1) . Although model showed good internal consistency, they may not be applicable for the analogs which were never used in the generation of the correlation. Therefore, the external extrapolation power of the model was further authenticated by a test set of twelve compounds. Values of predictive squared correlation coefficient (r 2 pred) are 0.40 and 0.15 for model. 1 & 2 respectively (see Table 2 The test set supported significantly the robustness, predictiveness and wide applicability of the model 1 over model 2 (Table 5 & Figure 2) . In general the model fulfills the statistical validation criteria to the significant extent. Where, s is scattering angle r ij is interatomic distance of i th and j th atom A i and A j are atomic properties of i th and j th atom respectively including vander Waals volume, atomic number, atomic mass, partial atomic charges, residual electro−negativities, and atom polarizability.
Model 1 indicates that Molar refractivity [13] is contributing positively to the biological activity showing that the steric interaction play role in receptor binding.
From the discussion it concludes that three dimensional structural properties (MoRSE codes) and molar refractivity of 6−substituted benzimidazole derivative is decisive in AT1 receptor AII antagonist activity.
